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SOLAR ENERGY SYSTEMS , ’ - s
FUR MANUFACTURED HOUSING S

by

J. Douglas Balcomb .
Los Alamos Scientific Laboratory
Los Alamos, NM 87545

ABSTRACT

The opportunities for solar energy utiltization in
manufactured housing such as mobile homes and modular homes
are discussed. The general characteristics of the manufactured
housing industry are described including market and prices.
Special problems of the utilization of 1iquid heating col-
lectors, air heating collectors, or passive types of solar
heating systems in manufactured housing are considered.

The market situation for solar energy in’manufactured
housing is discussed. The design of the Los Alamos
Scientific Laboratory mobile/modular home 1s described.

I. INTRODUCTION ' Ve

Manufactured housing such as mobiie homes and modular homes presents am op-
partunity fcr solar energy utilization. This market is quite different than that
of site-built housing and the differences must be taken into account in deters-
mining whether or not solar energy systems will be cost effective in this market.
We have concluded that there are significant opportunities for reducing the cost
of solar energy systems in ‘he manufactured ﬁous1ng market, however there are
also some characteristics of that market which require one to be very careful in
assessing the marketability of these systems. One must be careful to identify
the potential consumer who will be willing to consider the 11fe cycle costing in
his purchase of a solar heated manufactured house. We have concluded that the
greatest opportunity for sales of solar energy systems in manufactured housing
1ies in the higher priced units, particularly the 24 ft wide units which are fre-
quently manufactured in two 12 ft wide modules and assembled on-site. Systems
which use air heating collectors or which use passive solar heating concepts may
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~ be able to.be built for a lower ost and thus be more advantageous in the manu-
- factured housing market, than systems with 1iquid-heating collectors.

.TI. MANUFACTURED HOUSING i ‘

", A wanufactured hou;c is one which 1s assembled in major modules or as a
whole unit in a factory and transported over the highways to the desired location
and then erected on the site. The ngjor types of manufactured housss are desig-
_ nated as mobile homes, modular homes, prefabricated homes, panelized construction,

otc. |

In'a mobile home the unit 1s built in such a way that it can be moved from
the site by add1qg¢bnlj a_set of wheels and a draw bar at the front. This means
" that the major axial suypport structure for the home remains in place after the
. home is located on the site. The wheels may be taken off and the unit still re-
mains, technically, a mobile home. Generally speaking mobile homes are purchased
at prices of the order of $15 per sq ft by individuals who generally plan to live in
ithem only for a few years. Eventhough they are generally not moved during their
lifetime, ‘here is comfort in the knowledge that the home can be moved.

Modular homes, by contrast, are usually more permanent structures. They
are usually buillt in widths of 24 ft wide or more out of modulas which are
generally 12 ft wide. Modular homes generally sell in the price range of $16
to $20 per sq ft, delivered. The homes are frequently somewhat better insulated
and better built than mobile homes. Modular homes are frequently set down on a
" stem wall or on a rlab, and frequently conform to the Uniform Building Code and
thus can qualify for longer term financing, such as 25 or 30 years.

Prefabricated homes, panelized construction, are other approaches which can
be used tb reduce costs by building major components such as wall sections in the
factory and thep assembling these sections on the site. '

A brief history of market situation in the mobile home industry will give
some interesting insite into the nature of that market today. Dur.ng the period
from 1947 up through about 1957 the market situation was dominatea oy 8 ft wide
mobile homes. The total sales numbered approximately 80,000 par year during this
_ period. During the next 8 year period from 1957 to 1965, 10 ft wide units dom-
inated the market with total sales numbering approximately 100,000 per year. In
1961 double-wide units and 12 ft wide units were introduced into the market. By
1967, 12 ft wide units had captured roughly 85% of the market and the total



‘number of a1l units sold numbered approximately 250,000. From 1967 to 1972.were
incredible growth years for the mobiTe home industr{ with the total number of
sales increasing to a high of 575,000 units. Fourteen foot Whits were introduced -
in 1968 and by 1972 accounted for 16% of the total market. -The sale of double-
wides had also grown to capture a total of 17% of the market by 1972.

Recession years, 1973 through 1975 had a drastic effect on the mobile homg
market. Sales dropped from a high of 575,000 units per year in 1972 to 213,000 -
units per year in 1975. During this same period single family housing construc-
tion dropped {rom 1,309,000 units ﬁer year to 829,000 per year, however,-the
mobile home industry was even harder hit dropping from 44% of this market-to 25%.
In 1976 it appears that the mobile home market may have stabilized. The growth
rate over the last year has been around 30% with the total number of shipments
in the first two quarters running ;bout 250,000 units as a seasonalfy adjustéd
annual rate. . '

The composition of a mobile home market has changed very significantly
during this period. Fourteen foot wide units now dominate the market making up -
about half of the total. Double wides and 12 ft wides constitute about one-
quarter of the market each. In two significant states where 14 ft wide units
cannot be shipped, California and Florida, the number of double-wides 1is ﬁbughly
twice the number of 12 ft wide units. The vast majority of mobile homes are sold
in the southern half of the United States, however there are significant sales
in a few northern states.

Another welcome change is the more stringent standards imposed by the U.S.
Department of Housing and Urban Development. Mobile homes are now more fire and
#ind resistant and generally much better i1nsulated and constructed. This leads
to a higher resale value. Many units are also built to be more in conformance
with normal architectural styles and multiple-module units are frequently put
together so as to be .ardly dist1ngu1shaq1e from site built homes. These units
do cost more than the s..yle wides but st111 far less than site built homes.

The entire mobile home industry is extremely competitive. A few hundred
dollars differenca in price can be very :rucial in the sales of a mobile home.
The average wholesale price of a 70 ft long by 14 ft wide mobile home is appro:..i-
mately $9,000, FOB factory. This 1s somewhat 1ess than $10 per sq ft. Double-
widesby comuerison are aimed at a different market and cost appreciably mora.
They seem to oe generally purchased by a buyer who is 1o0king for better quality
and plans to live for a longer time in the house.
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ﬁemrmy spukim. people_think of;mbﬂ. hons in mbﬂe home parks.
umo tnis 13 trus of most mobile homes (rough)y one-half of all mobile hoses
are 10catnd in wobtle home parks) there is a gereral trend teward location of
double-wide mobile. homes on standérd lots 1u'ibb110 subdtv1sions or sinply
as individual buildings on all kinds of sites.: -

Another coneept which is erronecus is that mobile ﬁﬂmos are frequently
woved.  Most morile homes are never moved once they are installed on a site.

'nns I8 up-c{my true of double-wide mobile homes--only about 1% of double-

-

uido lobilo‘holns are eyer moved aftor thly ar- installed ona site.

: m,‘ ' Y SYSTEMS FOR TURED HOUSING

7 Nnnuthctured housing presonta Sﬂ opportuni ty for significantly ‘lowering the

»1nsta11qt10n costs of a solar enerqgy systcm in a house. A1l of the reasons that

nnnufacturcd housing costs less than site built housing will apply to reducing
the costs of the solar energy system 1n manufactured housing compared to site

bui\t housing Let us look at these reasons.

1. . Contraliztd buyfng. There are no middle-men 1n manufactured housing.
Mnnufacturors buy in massive quantity direct from the producers.
2, Assoub1y-11ne construction. There is no waste time in a manufactured

housing sftuation. Parts are at the right place at the right time. The units

are built quickly and moved out quickly. Evéfything fits, there is no lost time

_1in the trimming and fixing. The total construction time ranges from 1-1/2 days

in a nobile home aisdubly line to a few weeks at the most on a modular nome
construction lot.

3. Lower wage costs. The labor markét for manufactured hous®ng general]g

" receives lower wages than for site-built housing. Wken combined with efficiency

of operation this hoids the total Tabor costs to a small fraction of that for

- site=built housing.

A1l of the thres above described advantages to manufactured housing also
apply to the solar energy system in_a manufactured house. Components can be
centrally purchased in bulk and quickly assembled in routine fashion into the
manufaciured houses during construction.

One qf the realities of solar heating has been a realization by all con-
cerned that a predominant fraction of the cost of system installation is 1in
components other than the collector--the piping, insulation, controls, storage,



etc. The cost of all of these froquantly exceeds the cost of the solar collec-
tors. Much of this extra cost comes about because every 1nsta11atfbn is a spccial
case, special time must be taken in fitting it together in order that it might
work correctly, and in training a new group of people pract1cal1y every time.
Plurbing costs are espacially high which leads to high costs for systems which
us2? 1iquid heating collectors.

The three major types of solar hoating systems which m1ght be oonsidcrcd for
manufactured housing ara the following:

1. Systems which use 1iquid heating solar collectors, a water tank for
thermal storage, and either forced air, radiant heating or convector heating
for the heat distribution to the building.

- 2. Systems which use air heating collectors, a rock bed or other form of
thermal energy storage, and forced air distribution to the building.

3. Passive systems which utilize natural means in order to achieve thermal
energy flow. )

The special problems and advantages of each of these types of systems in
the scenario of manufactured housing situations will now be discussed.

The system which uses 1iquid heating collectors has the problem that the
collectors are usually relatively expensive, costing $8 to $12 per sq ft of col-
lector area. Many types of 1iquid heating collectors are on the market, most
approaches have been tried by several different manufacturers, and it 13 unlikely
that these costs will be reduced greatly even in a mass production situation. An
advantage to the 11quid heating collector system is that the thermal storage is
an insulated tank of water. Although this tank 1s relatively large, from 500 to
1000 gallons, this will take up less space in the mobile home than the thermal
storage of the other two types.

Systems which use air heating collectors are particularly attractive for
manufactured housing. Air heat‘ng collectors can be built for from $4 to $6
per sq ft. An air heating collector sy.tem requires a great deal of attention co
design and system layout in order to minimize amount of ducting and the amount of
insulation used. This is no particular disadvantage in a manufactured housing
market since this engineering and layout, once done, can be used repetitively and
easily in the assembly line production. If anything, the manufactured house
offers advantage in system compactness since the houses themselves are usually
relatively compact.



“Thermal storage for an air heating collector system pregents a special
problem for manufactured housing. The normal form of thermal storage for these
units is a pebble-bed or rock-bed. A rock-bed can be located in the basement or
underneath a house and s an unhsual]y economical form of thermal storage. But
where can a rock bed be loéated in a hQuse which 1s to be transported over the
road? Besides the question of weight, a rock bed also rejuires roughly three
times the space of a uat;r tank in order to achieve the equivalent thermal stor-
age. One obvious solution fs to locate the thermal storage underneath the mobile

_ home by installing the rock bed in a pit underneath the mobile home and then
" moving the unit in place after the rock bed is finished and then connecting up
‘the ducting appropriately. This solution has a number of disadvantages. One of
‘tﬁc?§§§ijﬁg points of manufactured hoysing 1s the minimum of site work and the
apesd with which the housing can be installed. The installation of a rock bed
decreases this advantage. Another problam is that rock is not available at all
sites, particularly in many locations throughout the southeast part of the U.S.
where the mobile home market is very large indeed.

Another-solut1on is to use water or a phase-change material in small con-
tainers to minimize space and weight. This has been dona in the LASL mobile/
modular home which will be described later,

Fassive solar heating systems are not nearly so well developed or standard-
ized, as the above two types of active solar systems. Thase systems operate on
the principle that solar energy incident through glass in the home, can be stored
directly by absorption into the thermal storage. The thermal storage may be in
the f1dor, back wall, in a wall immediately adjacent to the window on the south
side, or in the ceiling. Passively sclar heated buildings have frequently used
massive construction such as masonry for thermal storage. An attractive aiter-
nattive {s to use water in containers such as drums or bags for thermal storage.
Incorporation of passive solar heating into manufactured housing presents an
unusual design challenge. Massive building construction does not seem attractive
since the houses must be portable. Water in containers (filled after location)
may present an attractive option.

The market situation in mobile homes must be carefully assessed in judging
the potential for solar energy utilization in this type of housing. 1 do not
believe that there is a very significant potential for a market among the majority
of buyers of the 12 ft wide and 14 ft wide mobile home units. Rather it would
appear that the potential for market would be much larger among the buyers of
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double-wide units. These buyers and'USually looking for a longer term invest-
ment in their housing. They are able to pay a larger “price, they are planning
to 11ve in the house longer, and thus are able to consider 1ife cycle costing in
their &pproach to buying a house. Many buyers are older couples Tooking for a
house for several years., These buyers are particularly concerned about future
fuel costs and may be very willing to invest a few thousand add” tional dollers
for protection against increasing fuel costs since they are usually living on a
fixed income. )

What price will the market pay? This, of course, is going to depend on fuel
costs. Solar heating systems are probably not going to be competitive with na-
tural gas prices 'ntil those prices go up by a factor of 3 or 4. It is my belief
that solar heating systems can be built into mobiie homes or modular hemes at
Erices which are competitive with current costs of electric or propane heating.

- Cost competitiveness depends not only on the initial cost but on the finan-
cing arrangements that can be made by the purchaser of the unit. If the unit is
financed as a mobile home with 15-year financing at interest rates of 123, the
sitiation 1s quite different than if it is financed as a modular home over a
perioc of 30 years at interest rates of 9%. The monthly payment is 49% greater
in the first case than in the second case. Thus, if the add-on costs of the solar
heating system is financed along with the home, the effective cost of solar heat
to the home owner, would be 49% greater in tie first case than in the second case.
Thus, 1f the add-on costs of the solar heating system 1s financed a1ong'w1th the
home, the effective cost of solar heat to the home owner, would be 49% greater
in the first instance than in the second instance if thg_add-on cost of the solar
heating system is the same in both cases. This is another reason for considering
that thare is a more fertile market for solar heating systems in double-wide
mobile homes than in single-wides, since it is usually the double-wide mobile
homes which can be qualified for longer-term, lower-interest financing.

IV. THE GENERAL ELECTRIC MOBILE HOME PROJECT

The first effort sponsored by the Federal Government to investigate the
application of solar energy to mobile home heating and codoling was by The Gencral
Electric Co. Funding for thts project was initiated under the National Science
Foundation and has been continued under the Enerqgy eearch and NDevelopment
Administration. The avproach used by General Electric was 10 modify a 12 tt kv
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60 ft mobile home butlt by the Skyline Corp. The solar heating system utilizes
a 1iquid-heating collector which is added on to the roof of the mobile home and
uses water in tanks located in the frame support beneath the mobile home for
-thermal storage. A solar cooling system was also added to the mobile home unit
by incorporating a 1ithius-bromide absorption chiller into the mobile home and
rejecting the heat from that chiller through a cooling tow. on the outside.
The heat supply for the absorption chiller was from the solar heated hot water.

The project demonstrated the technical feasibility of the concept. I have
serious reservations about the economfc- feasibility of the particular approach
used since the total add-on cost of the solar haating and cooling system may well
be comparable to the initial cost cf the mobile home itself.

The mobile home has undergone a series of successful tests at several loca-
tions. In addition, the mobile home has been shown extensively at mobile home
fairs. The unit has recently been modified to incorporate a Rankine-cycle type
of cooling unit that was designed by General Electric. This Rankine cycle unit
is being tested as a possible alternative to the absorption-type of unit which
was initially installed. )

V. THE LOS ALAMOS SCIENTIFIC LABORATORY SOLAR MOBILE/MODULAR HOME PROJECT

The Los Alamos Scientific Laboratory (LASL) is investigating the application
of solar energy to mobile/modular home heating and cooling through the testing
and evaluation of a series of prototype solar heated and cooled homes. Prc ject
funding is from the Division of Solar Energy of the U. S. Energy Research ar.
Development Administration.

As the country's first solar energy system designed especially for mobile/
modular homes, the project may have far reaching effects for the housing industry.
The market for this type of housing is expanding rapidly and is projected to
account for nearly one-third of the total U.S. single family dwellings in the
near future. The small number of manufacturers, and the ease with which a solar
heating and/or cooling system can be factory integrated into these units, offer
a unique opportunity for immediate and large scale reduction of domestic Fosstl
fuel consumption at a low cost to the consumer.

LASL'S development plan for solar heating and cooling of mobile/modular
homes calls for the design of four prototype units with each unit emphasizing
different techniques for different climates. In conju..ction with home
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manufacturers, LASL will be designing, building, testing, evaluating, and
demonstrating the coupiete series of prototypes. Each prototype is being de-
signed to accomplish the technical objectives of developing cost effective solar
heating and/c+ tooling for manufactured homes.

The first unit, which has already been built, incorporates an active solar
heating system into a double-wide mobile/modular home. The second unit will also
be so!ar-heated. but 1t will utilize a passive system as opposed to an active onae.
A passive systﬁn is one which operates automatically without external enargy in-
puts using direct energy transfer and natural convecticn as opposed to an active
system which uses separate collectors and thermal storage and requires elactric
pumps or fans to transfer the heat. Combined solar heating and cooling systlis
will be incorporated into the latter two units. Each unit will also_13c1ude the -
solar heating of domestic hot water.

A. Description of Unit One

The project's first prototype unit is an atcractive solar heated mobile/
modular building located at a Los Alamos technical area site. It 1s a small three
bedroom house with 1-1/2 baths, a living room, kitchen, furnace room, utility
room, and several closets. The dimensions are 24 ft wide by 44 ft long making
up a total of 1056 sq vt. Designed as a relocatable structure, the unit can be
designated as either a mobile or modular home depending on its foundation. As a
modular home, it will conform to the Uniform Bu*lding Code and qualify for normal
home financing. _

The basic structure of the home is conventional wood frame construction.

A special truss structure was designed in order to provide for the 60° sloping
collector array on the south side of the building. Designed to minimize heat loss
and air leakage, the ﬁome has 4 in. of fiberg1ass insulation in the walls, about
10 in. in the ceiling, and 8 in. in the floor. Solid core exterior doors, double
pane glass windows, and double pane sliding doors are used *to reduce energy ccn-
sumption. Five narpow windows are interspersed between collector nanels on the
south walls to provide additional daylight to the living areas. The building's
physical layout reflects the special requirements of highway transportability and
of solar energy utilization. .



The solar heating system utilizes air heating collectors and a bin of glass
Jars filied with water for thermal energy storage. This should provide approxi-
mtely 80% of the space and domestic hot water hegqting for the house Tocated in
the 7000 degree-day (DD) Los " amos climate.

A 17 panel array of rollectors provides for solar hot air heating for the
systes.- Each panef 1s 2 ft wide by 10 ft 1ong making up a total collector area
of 340 sq ft. Factory assembled in accordance with LASL's specifications, the
panels are fastered directly to the sloping south wall of the home and attached
together by a steel cap-strip to form a weather tight roof/wall structure. They
are insulated from the house by & 2 in. fiberglass matte, the plywood deck
fastened to the trusses, and a 6 in. layer of fiberglass within the truss space.
The collectors are made of galvanized steel and have a double-strength single-
pane glass cover which is sealed with a silicon rubber gasket. For sunlight ab-
sorption, the exposed metal surface 1s painted with 2 flat black paint. The 60°
angle slope of the callector array is a rcasonable choice for any location within
the United States.

One of the most unique aspects of the design is the thermal storage system
which was constructed specifically to i1t into a minimum of space in 2 4 ft by
10 ft furance room. The thermally insulated storage bin occupies the bottom
section of this furnace room up to a height of 30 in. It is filled with 1536
pint glass jars filled with ordinary tap water, sealed, and stacked in four rows
for heat storage. Heat is transferred from the solar heated air to the water by
flowing around the jars which are stacked about 2/3 in. apart. The complete
nackage fits in a space that a conventional freezer might occupy. This compact
system wii1 store sufficient energy to provide 6 to 10 hours of useful heat on
a2 cold night. An electric furnace provides the backup system for those periods
vhen there is a series of cloudy days.

Domestic hot water is also provided in the system design. Integrated in the
ccllector hot air return is a hot water finned copper coil. Water preheated by
the heat transfer coil is stored in a 52 gallon solar pre-heater tank. From
the pre-heater tank, the water goes to a 30 gallon tank in which it can be heated
up to higher temperatures by the electric furnace if necessary. On sunny days,
the temperature of the water in the solar pre-heater tank ranges from 120 to 150°.
With a design capacity of 22 gal/person/day at 123°F, this system is designed to
produce 85% of the hot water heating requirement based on a national averaqe
family size of 3.7 persons.
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Unit one was designed as a part of the on-going solar research being d‘rected
by the Solar Energy Group of Q-Division at LASL. Industrial and Systems Engin-
eering, Inc., (I.S.E.) of Albuqherque. was the prime contractor for the project
and performed the solar system design and integration under the direction of the
Solar Energy Group. Designs for the unit were executed by Burns and Peters, an
Albuquerque architectural firm, and Aztech International Li1d., Albuquerque cons-
tructed the atr coll-. .ors as designed by LASL. The unit was manufactured by
Albuquerque Western Industries, Inc., (A.W.I.) under a subcontract to I.S.E.

Albuquerque Wastern Industries manufacturers mobile/modular homes for the New
Mexico market.

B. Thermal Performance

The thermal performance of any solar system depends upon its location and
the building's thermal load. Within the constraints imposed t. a relocatable-
structure, the thermal load of the first mobile/modular unit was minimized by
adequate insulation, double glazed windows, control or infiltration, and some
passive solar gains. At present, the unit is located irn Los Alamos, NM at a
latitude of 35.8° north and an altitude of 7000 ft where the winter climate is
cold but sunny with appreciable snowfall. -

The measured heat 1oad for the umit is 7.5 BTU/DD/sq ft. This means that
for an outside temperature of 0°F and an inside temperature of 70°F the buillding
heat load will be 7.5 x 1054 x /0 = 552,000 BTU/day or 23,000 BTU/hr.

Extensive computer simulations have been used to model the thermal perform-
ance of the unit in Los Alamos using the observed weather and solar data. The
actual system is simulated by a digital computer code on an hour-by-hour basis.
At each hour the net energy which can pe ext xcted from the ccllectior array and
the thermal load are calculated. The change in storage temperature over the hour
is the net energy added from the collector minus storage heat losses minus the
energy extracted by the thermal load, divided by the storage heat capacity. This
calculation is repeated for each of the 3,7€0 hours of the year.

The summary of the sinulated soilar performance for the cor .ete year gives
79% solar heat for the unit for 6600 UD. Simulations for other locations are

shown 1n the fr.ilowing table along with the degree-day heating load for the
particular year which was simylated.
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$39,000.

- City

Phoenix, AX
Fresno, CA

Los Angeles, CA
Santa Maria, CA
Miami, FL
Taliahassee, FL
Dodge City, KS
Lake Charles, LA
Boston, MA
Medford, MA
Lincoln, NE
Bismarck, ND
Albuquerque, NM
Los Alamos, NM
New York, NY
Nashville, TN
E1 Paso, TX

Ft. Worth, TX
Charleston, VA
Seattle, HA
Madison, WS
Edmonton, .Canada

Fredgricton, Canada

Ottawa, Canada

Vancouver, Canada

Winnipeg, Canada

Cbst Estimate

Percent of Total
Heat from Solar

100
86
100
98
100
%9
70
92
64
67
1A
56
93
79
65
73
73
84
93
60
54
4]
48
45
63
37

Heating
Deqree Days
1278
2622
1700
3C65
272
1783
5199
1694
5535
5275
5995
8234
4235
6604
5221
3805
2496
2467
2279
5143
7838
11527
R834
8832
5909
11242

Estimated total cost of the prototype solar heated unit is approximately

Based on the production rate of one unit per week, it is believed that

the unit could be produced fon around $25,000. Without solar heating, a mass
produced 'nit would cost around $20,000 with the same insulation as the prototype.
Solar add-on costs therefore are approximately $5,000. The solar collector panels
at about $6.50 per sq ft would cost around $2,000, and that leaves $3,000 in the
balance of the system including structure, ducts, blowers, ihermal storage,
controls, etc.
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Isometric Schematic of the Solar Heating System.
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